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以高比表面积、高吸附容量的纳米 TiO2 为固相吸附剂(50mg)，在 pH=3.0 条
件下，可快速(15 min)富集 500mL 水样中痕量 Sb(III) 和 Sb(V)，以 10 mL 5mol/L 
HCl 溶液洗脱；用流动注射-氢化物发生原子吸收分光光度法直接测定洗脱液中
Sb(III)浓度，用 0.5gKI 和 0.2g 硫脲将另一份洗脱液中 Sb(V)还原为 Sb(III)，测
定洗脱液中锑的总浓度，差减法得 Sb(V)浓度。本法对 Sb(III) 和 Sb(V)的检出限




元体系对锑的形态转化研究提供检测方法支撑。   




















海水中 Sb( )Ⅲ 具有光氧化作用；海藻种类不同，对 Sb( )Ⅲ 光氧化能力不同；在藻
单一体系中，海藻浓度越高，Sb( )Ⅲ 的光氧化转化率越高，转化平衡时间越短；
过渡金属的光致氧化还原过程诱导了锑的价态转化；经藻与过渡金属离子所构成
的二元体系对 Sb( )Ⅲ 的光氧化作用后 Sb(V)/Sb(III)的比值，6 种海藻 (Tetraselmis 
levis, Chlorella autotrophica, Nannochloropsis sp., Tetraselmis subcordiformis, 
Phaeodactylum tricornutum, and Porphyridium purpureum)介于 1.07~5.48，只有
Dunaliella salina 为 0.92。海藻-过渡金属二元体系对锑在海水真光层中的分布产
生重大影响，其中海藻为主要贡献者，两者的联合作用呈协同或拮抗效应。研究








levis, Chlorella autotrophica, Dunaliella salina, Nannochloropsis sp., Tetraselmis 
subcordiformis) 的 光 还 原 转 化 Cr(VI)/ Cr (III) 比 值 为 1.45~2.16 ， 硅 藻
(Phaeodactylum tricornutum)和红藻(Porphyridium purpureum)则分别仅为 0.48 和
0.71。海洋中浮游植物和过渡金属对海洋真光层中铬的形态分布影响极大。实验





















Dunaliella salina 作为海洋浮游植物的模式藻，以苯甲酸钠为探针，应用 HPLC 法
检测羟基自由基(•OH)，首次证实海洋浮游植物可光致产生羟基自由基，具有光
化学活性。以 Dunaliella salina 作为海洋硅藻的模式藻，以苯甲酸钠为探针，应
用高效液相色谱法检测羟基自由基(·OH)。首次证实海洋浮游植物可光致产生羟
基自由基，具有光化学活性。近海生物经常暴露于重金属污染和氮磷富营养化条










环的影响，即海洋硅藻 Thalassiosira weissflogii 和 Skeletonema costatum 分别培养
4 天和 6 天，对铁的吸收、吸附、生物富集及水体中铁配合物粒径分布的影响。 
实验采用微量元素清洗剂洗脱吸附在细胞表面的铁(吸附)，从而与细胞体内
的铁(吸收)分离；应用物理形态分离技术(0.4μm 滤膜抽滤，切向流超滤)将水体
中铁配合物进行截留，了解铁配合物在颗粒(>0.4 μm), 胶体(0.4μm-100 kDa, 
100-50 kDa, 50-30 kDa, 30-10 kDa, 10-3 kDa), 和可溶态(<3 kDa)等 7 个粒径间的
分布，ICP-MS 法检测铁浓度。T. weissflogii 对铁的生物富集因子(BCF)随 N 浓度
(6 到 64 μmol/L)与 P 浓度(2 μmol/L 到 10 μmol/L)增加而增加。S. costatum 对铁

















差异性。T. weissflogii 和 S. costatum 于氮、磷浓度为 32、2 μmol L-1，氮磷比为
16(Redfield ratio)时，对铁的吸收、吸附值即对水体中铁的摄取和需求最低；在
高氮区，硅藻对铁的摄取大于低氮区，此为高氮量低叶绿素量(high-nitrate, 
low-chlorophyll)原因之一。除在高磷(10μmol L-1)条件下，S. costatum 对铁的总摄
取量、总吸附量、总吸收量均大于 T. weissflogii，藻种差异对海水中铁的消耗影









数 BCF 这一重要参数。 
近海生物经常暴露于重金属污染和富营养化条件下。Dunaliella salina 属单
细胞、无细胞壁、海洋微藻，课题以此为海洋生物模型，研究在营养盐变化(磷
浓度为 0.5μmol L-1，氮浓度分别为 6, 8, 12.5, 55μmol L-1)和重金属(Fe、Mn、























1. A novel method for prevention of the oxidation of Sb( ) during sample pretreatmentⅢ , 
preconcentration of Sb( ) and Sb(V) with nanometer size titanium dioxide (rutile) and speciation Ⅲ
analysis of antimony, has been developed. Antimony(III) could be selectively determined by flow 
injection-hydride generation-atomic absorption spectrometry, coexisting with Sb(V). Trace Sb( ) Ⅲ
and Sb(V) were all adsorbed onto 50 mg TiO2 from 500 ml solution at pH 3.0 within 15 min, then 
eluted by 10 ml of 5 mol/l HCl solution. One eluent was directly used for the analysis of Sb( ); to Ⅲ
the other eluent was added 0.5g KI and 0.2g thiourea to reduce Sb(V) to Sb( ), then the mixture Ⅲ
was used for the determination of total antimony. The antimony(V) content is the mathe matical 
difference of the two concentrations. Detection limits (based on 3 σ of the blank determinations, n 
= 11) of 0.05 ng/ml for Sb(III) and 0.06 ng/ml for Sb(V), were obtained.  
2．The photo-oxidation of Sb(III) to Sb(V) by marine microalgae (diatom, green and red algae) 
with or without the presence of transition metals (Fe(III), Cu(II) and Mn(II)). The influence of 
marine phytoplankton on the photochemistry of antimony was confirmed for the first time. The 
conversion ratio of Sb(III) to Sb(V) increased with increasing algae concentration and irradiation 
time. Different species of marine phytoplankton were found to have different photo-oxidizing 
abilities. The photochemical redox of transition metals could induce the species transformation of 
antimony. After photo-induced oxidation by marine phytoplankton and transition metals, the ratio 
of Sb(V) to Sb(III) was in the range of 1.07–5.48 for six algae (Tetraselmis levis, Chlorella 
autotrophica, Nannochloropsis sp., Tetraselmis subcordiformis,  Phaeodactylum tricornutum, and 
Porphyridium purpureum), and only 0.92 for Dunaliella salina. The distribution of antimony in the 
sunlit surface seawater was greatly affected by combined effects of marine phytoplankton (main 
contributor) and transition metals; both synergistic and antagonistic effects were observed. The 
results provided further insights into the distribution of Sb(III) and Sb(V) and the biogeochemical 
cycle of antimony, and have significant implications for the risk assessment of antimony in the 
sunlit surface seawater. 
3．The photo-reduction of Cr(VI) to Cr(III) by marine phytoplankton (diatoms, red and green 
algae),with or without the presence of transition metals (Fe(III), Cu(II) and Mn(II)) was 















Cr(VI) was confirmed for the first time, and two kinds of mechanism were suggested to be 
responsible for the species transformation: (a) Cr(VI) in excited state could be reduced by the 
electron donor in its ground state via photo produced electrons; and (b) the solvated electrons 
reduce the CrO42- anions in their ground state. The conversion ratio of Cr(VI) to Cr(III) 
increased with increasing algae concentration and irradiation time. Different species of 
marine phytoplankton were found to have different photo-reducing abilities. The 
photochemical redox of transition metals could induce the species transformation of 
chromium. After photo-reduction by marine phytoplankton and transition metals, the ratio of 
Cr(VI) to Cr(III) was in the range of 1.45~2.16 for five green algae (Tetraselmis levis, 
Chlorella autotrophica, Dunaliella salina, Nannochloropsis sp., and Tetraselmis 
subcordiformis), and only 0.48 for Phaeodactylum tricornutum (diatom) and 0.71 for 
Porphyridium purpureum (red alga). The species distribution of chromium in the sunlit 
surface seawater was greatly affected by combined effects of marine phytoplankton (main 
contributor) and transition metals; both synergistic and antagonistic effects were observed. 
The results provided further insights into the species distribution and the biogeochemical 
cycle of chromium, and have significant implications for the risk assessment of chromium in 
the sunlit surface seawater.  
4．A marine microalga Dunaliella salina was used as a model organism in this study. Hydroxyl 
radical (·OH) was determined by HPLC using sodium benzoate as a probe. The photochemical 
activity of marine alga on the formation of hydroxyl radicals was confirmed for the first time. 
Coastal organisms are often exposed to both metal pollution and macronutrient enrichment. The 
influences of the algal concentration, exposure time, macronutrients (nitrate and phosphate) 
additions and metal pollution (5.0μg/L Pb(II) and 0.1μg/L methylmercury) on the photoproduction 
of hydroxyl radical were examined. The photoproduction of ·OH was increased with the 
increasing of algae concentration and exposure time. The photoproduction of ·OH in seawater 
with or without D. salina could be increased greatly for the addition of Pb(II), Pb(II) and 
methylmercury, but was decreased by only addition of methylmercury. The photoproduction 
of ·OH was positive correlation with the content of basic function group on cell’s surface and 
chlorophyll a per cell. The influence of macronutrient addition on the photoproduction of ·OH was 















5. The influences of macronutrient enrichment on iron absorption (intracellular uptake), iron 
adsorption (cellular surface uptake), and the bioaccumulation factor (BCF) of iron by coastal 
diatoms were examined. In addition, the distribution of different iron size fractions in seawater in 
relation to two diatom species exposed to nutrient enrichment over an extended period (6 days for 
Thalassiosira weissflogii, and 4 days for Skeletonema costatum), was investigated. Iron 
concentrations were measured by inductively coupled plasma mass spectrometry of seven size 
fractions: particles (>0.4 μm), colloidal particles (0.4μm-100 kDa, 100-50 kDa, 50-30 kDa, 30-10 
kDa, 10-3 kDa), and soluble species (<3 kDa). Both the bioaccumulation of iron in the diatoms 
and the iron species distribution in the water were affected by the diatom species present, as well 
as the nitrate (N) and phosphate (P) concentration. The BCF of iron by T. weissflogii increased 
with increasing N (from 16 to 64 μmol L-1) and P (from 2 to 10 μmol L-1) concentration. Whereas, 
the BCF of iron by S. costatum increased markedly with increasing N concentration (from 16 to 
64 μmol L-1), but decreased with increasing P concentration (from 2 to 10 μmol L-1). 
Non-alga-specific influences of N addition on iron absorption, iron adsorption and the BCFs of 
iron were observed; but the influence of P addition on iron adsorption was non-alga-specific, 
although it was alga-specific on iron absorption and the BCFs of iron. The addition of P could 
affect the iron internalization strategy and this was confirmed for the first time. When the ratio of 
N and P was 16 (32:2 µmol/L for N:P), both iron absorption and iron adsorption per cell of T. 
weissflogii and S. costatum, were at minimum. The iron uptake by T. weissflogii and S. costatum 
under a high-N regime was higher than under a low-N regime. Except in the case of the high-P 
regime (10 μmol L-1), total uptake, total adsorption, and total absorption by cells of S. costatum 
were more than those for T. weissflogii, i.e., the influence of the diatom species involved in the 
depletion of iron in seawater was obvious. The content of soluble iron species in seawater was 
positively correlated with the amount of iron absorption by T. weissflogii, but not with S. 
costatum. 
6. Coastal organisms are often exposed to both metal pollution and macronutrient enrichment. 
Dunaliella salina, a uni-cell, cell-wall-less green marine microalga, was used as a model marine 
organism. The influences of major nutrients additions on the absorption (intracellular uptake), 
adsorption (cellular surface uptake), and bioconcentration of trace metals (Fe, Mn, Zn, and Cu) in 















phosphate), both metal absorption and bioconcentration factor were the most. The maximum and 
minimum metal adsorptions were obtained, respectively, at N:P ratio of 110 (55, 0.5 μmol/L for 
nitrate, phosphate) and 25 (12.5, 0.5 μmol/L for nitrate, phosphate). The difference in ambient 
nitrate concentration did not affect the order of metal adsorption of Dunaliella salina (Fe >> Zn > 
Mn > Cu), but the absolute adsorption quantities were greatly affected. The influence of nitrate 
concentration on metal absorption and adsorption was different。 
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